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TECHNICAL NOTE NO. 1582 

OFTWNSITIONO~SFCTIONCHARAC!lZRISTICS OFA LOW-DRAG 

AIRFOIL~A0.24-CHoRDS~PLA~A~N 

By Stanley F. Raciez and Jonee F. Cahill 

An investigation wa8 conducted to determine the effects of forward 
movements of transition on the section characteristice of a U-percent- 
thick low-drag airfoil section with a 0.2bchord sealed PI&in aileron. 
The section lift and tileron section hinge-moment and seal-presgure 
characteristics were determined at a Reynolds number of 14 X 10 for the 
condition with aerodynamically smooth marfaoes, the condition with tran- 
eition fixed at 0.30 chord, and the conqition with transition fixed 
at the airfoil leading edge. Fixed transition at either 0.30 chord or 
at the airfoil leadlng edge resulted in a decreased aileron effectiveneee, 
a decrease in the negative rate of change of aileron section hinge- 
moment coefficient with section angle of attack and with aileron deflec- 
tion, and an increaee in the absolute value of the aileron section hinge- 
moment parameter AcIG, 

aa, lA%' 
Shifting the position of transition from 

approximately 0.50 chord to 0.30 chord generally caused larger changes 
in the aileron characterletice than those cawed by shifting transition 
from 0.30 chord to the airfoil leading edge. Leading-edge roughnees 
decreased the maxim section lift coefficient by about O-3; whereas 
roughness at 0.30 chord generally caused no significant change in the 
&mum section lift coefficient. 

Aerodyn&nlc characteristics of aileron8 on low-drag ting sections 
may be eatisfactoq when the wing surfaces are aerodynamically smooth, 
but forward movements of the position of transition from laminar to 
turbulent flar caused by mandacturing irregularitiee or stiace deterio- 
ration in service may reeult in undesirable changes in the aileron 
characteriBtice. The results of pretious investigations, for example, 
those reported in references 1 end 2, illustrate the changes in the 
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two-dimensional characteristics of control surfaces, such as the decreased - 
effectiveness, that usually result from forw~~rd movements of transition. 
Such investigations, however, have bean limited to a small range of control- 
surface defleotion for various chordwise positions of trans 
Reynoldsnumberhas generally been limited to about 9.0 X 10 it 

tion, and the 
. An investi- 

gation was made in the Langley two-dimensional low-turbulence pressure 
tunnel to determine the effects of transition ehiftlng from approximately 
0.50 chord to 0.30 chord and to the airfoil leading edge OII the character- 
fstios of a 2bpercen-Lchord sealed plain aileron on a 12-percent-thick 
low-drag airfoil for ailer 

&" 
deflections msnging from -200 to 20° and a 

Reynolds number of 14 X 10 . 

a 
COEFFICIENTS AND SYMBOLS 

section angle of attack, degrees 

increment of section angle of attack, degrees. 

airfoll chord 

section lift coefficient . 

free-stream dynamic pressure 

aileron chord behind hinge axis 

aileron deflection, degrees 

inorement of aileron deflection, degrees 

aileron section hinge moment per unit span; positive when aileron 
tends to 'deflect downward 

Cha aileron section hinge-mollpent coefficient based on 

aileron chord 

dch 
a, total < in steady rot1 

increment of aileron section hinge-moment coefficient-due to 
change in section angle of attack at constant aileron 
deflection 

increment of aileron section hinge-moment--coefficient due to 
6 aileron deflection at a constant section angle of attack 
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"H hinge-moment ooefficient based on airfoil 

A0 
% 

increment of total aileron section hinge-moment ooef- 
floient In steady roll 

aileron section hinge-moment parameter 

aileron section effectiveness parameter for range of 
sa- -+20° aileron deflection indicated by subscript (ratio of 

increment of section angle of attack to increment of 
aileron deflection required to maintain constsnt section 
Ltft coefficient) 

APho seal-pressure-difference coefficient; positive when pressure 
below aileron seal is greater than pressure above seal 

aileron section effectivene88 parsn&er 

R Reynolds number 

C2, = 
a 

The subscripts to the partial derivatives denote the variables held 
constant when the partial derivatives were obtained. The derivatives 
were measured at zero angle of attack snd zero aileron deflection. 
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MODEL ARD TESTS 

The model tested in this tivestigatian had a chord of 3 feet snd 
completely spanned the 3-foot-wide tunnel test section. The low-drag 
airfoil section had a maximum thickness of 0.12~ at 0.45c, a design lift 
coefficient of 0.15, and a mean line designed for a uniform load over the 
forward 0.9 chord. Ordinates for the plain airfoil section are given in 
table I. The plain aileron (fig. 1) formed by the rear part of the 
plain.airfoil section had a chord of 0.24~ and was sealed along the entire 
span and at both ends tith thin rubber seals (fig. 1). The main part of 
the model forward of -the aileron was constructed of laminated wood, end 
the aileron was constructed of dural. The aileron was supported at both 
ends by beams that-contained electrical-resistance-type strain gages for 
measuring hinge moments. The model was tested with the surfaces aero- 
dynamically smooth and tith fixed transition-at 0.30 chord on both 
surfaces, and tith transition ffxed at the leading edge as shown in 
figure 2. The transition strips were comprised of O.Oll-inch Carborundum 
grains. 

The section characteristics measured In the Langley two-dimensional 
low-turbulence pressure tunnel consisted of the airfoil section lift, 
aileron section hinge-mome t fit) and seal-pressure characteristics at--a 
Reynolds number of 14 X 10 for each of the three.skfaoe configurations 
tested for aileron deflections ranging from -20° to 20". The lift 
characteristics were determined by the method discussed in reference 3. 
The resultant pressure acting on the aileron seal was determFned from 
static pressure measurements above and below the aileron seal. A die- 
cussion of the test-methods and of the methods used $n correcting the 
test data to free-air conditions is given in reference 3. The maximum 
free-stream Mach number attalned during the tests was approximately 0.17. 

RESULZS AND DISCUSSION 

The section characteristics for the condition with aerodynamically 
smooth surfaces, the condition with fixed transition at 0.3Oc, and the 
condition with transition fixed at-the airfoil leading edge are presented 
in figures 3, 4, and 5, respectively. 

Aileron Effectiveness 

Values of the aileron effectiveness.parameters cz , as, and 
S 

a% lAsa J obtained from the data presented in figures 3.to 5> are presented 
in table II. Forward movemen-kkf the positionof transitianfrom its 
normal position at approximately 0.50~ to the airfoil leading edge 
decreased the value of CT& by approximately 2 percent. Therdecrease 
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in the absolute value of q resulting from shifting transition from 
approximately 0.50~ to 0.30~ was the mame as that obtained by shifting 
transition from about 0.50~ to the airfoil leading edge. The absolute 
value of % for the smooth condition (0.524) was approximately I2 per- 
cent less than the theoretical value obtained from reference 4 and about 
4 percent greater than that reported in reference 4 for the NACA 0009 aip 
foil. 

The variation of ( \ % i with section 

lift coefficient is shown in figure 6. At section lift coefficients 

below about 0.5, the absolute value of 

approximately 5 percent because of the forward-shift of transition from 
its normal position to either 0.30~ or the airfoil leading edge, whereas 

the reduction in the absolute value of 

aa0 ( > h6, 6,e100 was ?lwduced 

aa0 (3 z- Sa=?t200 
was approximately 

15 percent. At section lift coefficients higher than about 0.5, fixing 
transition at a forward chordwise position caused considerably less change 

. 
in the values of 

s&2oo 
than the change 

- 
obtained at lower lift coefficients. - 

In general, moving the position of transition from approximately 
O.wc to 0.30~ resulted In much greater changes in the aileron ef'fective- 
ness parameters than those caused by shifting transition from 0.30~ 

' to the airfoil leading edge. 

Hinge Moments 

The section hzinge-moment characteristics for the three surface 
configurations tested are presented in figures 3 to 5. Values of the 
rate of change of aileron section hinge-moment coefficient 

% 
with 

section angle of attack a0 and with aileron deflection Sa are 
presented in table II. The values of for the . P-d and 9l 

a ( > a6 
condition with aerodynamically smooth surfaces were -0.0038 and -0.0081, 
respectively. The value of ch 

( ) 
for the smooth condftion was 

&a 
measured between section angles of attack of 3' and 8"because of the 
slight irregularity in the curve for an aileron deflection of 0' as 
shown in figure 3(b). A forward movelnsnt of transition decreased the 
absolute values Of both ch 

( > 
and ch 

( ) 
. The data presented in 

&a as 
figures 3 to 5 indicate that the hinge-moment curves tend to become 
more linear as transition moves toward the airfoil leading edge. 
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The variation of the section hinge-moment coefficient with aileron 
-deflection, at the desi@ section lift coefficient of 0.15, is presented 
in figure 7. These curves indicate that a movement of transition from 
Its normal position at approximately 0.50~ to 0.30~ had considerably more 
effect on the aileron hinge moments than a farther forward shift in the 
position of transition from 0.30~ to the airfoil leading edge. 

The aileron section hinge-moment snd seal-pressure data may be used 
to predict the hinge-moment characteristics of ailerons similar to that 
tested in this investigation end having any amount of Internal balance. 
A method for estimating the hinge-moment characteristIca of balanced 
ailerons from data for plain ailerons is discussed in reference 5. 

Values of the hinge-moment parameter A% 
hq?q 

for a section lift 

coefficient of 0.15 were determined from the basic section data by use 
of the folloting equation obtained from reference 2: 

As discussed in reference 2, the foregoing equation is essentially the 
equation: 

. 

L m 
modified In such a way as to be applicable to nonlinear curves, This 
equation is a modification of a similar equation based on the assumption 
that a section of the aileron acts at a constant lift'during a steady 
roll regardless of the rate of roll. The modification was made to cor- 
rect for the fact that the constant lift assumption overstresses the 

AC- 
l The parameter "r 

Gm 
provides a 

comparison between aileron configurations and takes into-.account the 
aileron effectiveness, hinge moments, and the poesible mschanIca1 
advantage between the controls and ailerons. Although the parameter Is 
inadequate for calculating the hinge mozects of finite-span ailerons, 
it is considered satisfactory for comparing two-dImensional characteristics. - 

In computing the values of 
% 

for the two-dimensional case, the 

value of n, which is.th.e change in section angle of attack at midspan of 
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aile.ron per unit aileron deflection, was assumed to be &,whlch is a typical 
5 

value also used in reference 2. The variation of the hinge-moment 

parameter - A% 
A- 

with equivalent change in section angle of attack 

requlmd to mint&n a constant section lift coefficient of 0.15 is 

shown in figure 8. The lower the absolute value of AWT 
57K 

at a given 

value of &o, the lower the control force should be for a given helix 
angle of the wing tip. In general, the Increase in the absolute value 

AcH, 
Of ZqIg' 

caused by moving the ChOrdwiSe position of transition for- 

ward, became greater with increase in the value of Aao for all locations 
of transition. Shifting transition from approximtely the mldchord "fAthe 

airfoil to 0.30~ generally caused a greater change in the value of % 
hc/Ba 

than shifting trsnsltion from 0.30~ to the airfoil leading edge. 

Lift 

The slope of the lift curve ct was reduced by only 3 percent by 
the application of roxqhness to the %rfoil leading edge as Indicated by 
the results presented in table II. The values of ct, for the cation 
with aerodynamically smooth surfaces and the condition with roughness at 
0.30~ were 0.104 and 0.103, respectively, or very nearly the same. 

The variation of -mum section lift coefficient with aileron 
deflection is. shown in figure 9. Throughout most of'the range of aileron 
deflection tested, the application of roughness strlps at 0.30~ on the 
smootli airfoil caused no significant change in the maximum section lift 
coefficient. Leading-edge roughness, however, decreased the maximum 
section lift coefficient by approximately 0.3 throughout most of the 
range of aileron deflection tested. 

CONCLUSIONS 

The results of an investigation made to determlne the effects of 
forward movements of transition on the section characteristics of a l2- 
percent-thick low-drag airfoil with a.O.2&-chord sealed plain aileron 
indicate the following ~oncluslons: 

1. Fixed transitian at either 0.30 chord on both airfoil surfaces 
or at the airfoil leading edge caused: 
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(a) The aileron effectiveness to decrease 

(b) The negative rate ofchange of aileron sectian hinge-moment 
coefficient tith section angle of attack and with aileron 
deflection to decrease 

(c) The absolute--value of the aileron sectian hbge-mmmnt 

parameter &EC to increase 
A%/ma 

(d) The rate of change of section lift coefficient with section 
angle of attack to decrease by not more t&n 3 percent 

2. Shifting the position of transit+ from approximately 0.50 chord 
to 0.30 chord generally caused larger changes in the aileron characteristics 
than those.caused by shifting transitian from 0.30 chord to the airfoil 
leading edge. 

3. Leading-edge rou@ness decreased the maximurp section lift coaf- 
ficient by about 0.3; whereas roughness at 0.30 chord-had no significant 
effect on the maximum section lift coefficient-throughout most of the 
range of aileron deflection tested. I 

~ 

Langley Memorial Aeronautical I&oratory 
National Advisory Coattee for Aeronautics 

Langley Field, Va., November 5, 1947 
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TABIEI 

[Statiom and ordinates given 
In percent of airfoil choml] 

Upper smface 

statim 

0 

:g 
1.25 

-2.50 

75:g 
10 ,oo 
15.00 
20.00 
25.00 
30.00 
35*oo 
40 .oo 
45.00 
y2 .oo 
55.00 

$72 
70:oo 

i?:; 
go0 
w*w 
95-fJo 

100.00 

o??dinate 

0 
475 

1.192 
l*539 
2.161 
3.022 
3.678 
4.2l.l 

;:ig 
6.108 
6.464 
6.711 
6J3y6 
6.917 
6-3 
6.739 
6.464 
;.g 
4:8l4 
3.969 
3.028 
2.028 

:g 

xl. raditp: 0.830 
LE. reALus center located 0.056 

above chord line 

lower amface 

statian 

0 

:: 
1.25 
2450 
5.00 
7m 

lo .oo 
15.00 
20.00 
25.00 

g:i 

45:oo 

$1: 
60 .oo 
@so0 
70.00 

EE 
go0 
go .oo 
95 .oo 

loo.00 

0 
-.808 

-1.006 
-1.283 
-1.792 
:*g? 
-3:336 
-3.922 
-4.344 
3& 

-4:g33 
-5.064 
-5.078 
-5.019 
-4Jv5 
$633 

-317 % 

2*$2 
&7 
-1.153 
-539 
5019 

1 
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TABIE II 

sm.xTOM PAR!msw hlKAmUDAT ao= O", 8, = O", AND R = 14X 106 

Eymm aAT cz = 0.15 

, 

Ebrface Cl, %fj 

SmoOth o.lo4 0.0% Q.p4 -0.535 -0.525 -0.0038 Q.oo&. 0.035 0.100 

RoughneD 
at O.Pa l JJJ3 .Ogz - Jw - -502 - A46 - .0036 - .oqg .038 .og8 

RUSS at I 
leading eae;e .lOl ,053. - .4$2 - -502 - .438 - .0030 - ml78 .036 -097 

e.- 



Pigure l.- Profile of the O.&a asalw.¶ aileron. 

. . 
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. 

(a) Aerodgnamloally smooth. 

.04c strip of O.Oll-lnoh 
aarborunduugralna 

.Ol& strip of 0.0114nah 
oarborundumgralnn . 

(b) Rougbaeaa at 0.300. 

.l04c strip of O.Oll-inch 
oarborundvm graina 

(0) Lmding-edge ro~eaa. 

NATIONAL ADVISORY 
CcHHlmE Fm aAoNAuTbcs 

. 

Figure a.- Surfaoe omilguFatlons of the low-drag sirid section equipped with L 0.2&o sealed P~~SZWI. 
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l&ure J.- seotlon oharaotsr1st1os Of th6 low-drag PlPfOil asctlon 
rlth a 0.2&o sealed ail ran and with aerodynamically smooth 
surfaoes. B=ll)Xl 08. 
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c 

Figure J.- Omtinud. 



16 

(0) Sal-pressure 6haZ'6Ot6ri6tiOE. 

Flgu~e 3.- Oonoluded. 

NACA TN No. 1582 

. 
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FQma 4.- Seotloa ahPraoterlaKca of the lowdrag airfoil asotlcm 
rlth P 0.2lp sealed pileran amI rlth O.Ol&c apanrlse atripm OS 
roughuesa at 0.300 on upper and lowar aurfaoss. R=&x106. 
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Fiwe 4.- Oantinusd. 



. NACA TN No. 1582 

. 

(0) aer1-prearum obrraateri~tlos. 

F1gu.c. 4.- Omolnded. 

. 
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(a) Lift oharaoterlatlas. 

Flgura 5.- Seotlon oharaotsristlos of the 
with a O.&o sealed aileron and with P 
rougheaa on the airfoil leading edge. 

. 

. 
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. 

Figura 5.- Omtinued. 



22 NAM m NO. 1582 I 

J 

(a f &ml-grsseure abaraotaria tioe. 
Figure 5.- Conaluded. 
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.6 

I Surface condition 1 
--Smooth 
------Roughaese at 0.300 
----Roughuesa at leadlng edge 

-2 -.2 0 .2 .4 .6 .6 1.0 1.2 

section lift ooeceioL9nt, 02 

(a) tla = +lO". 

.6 

I 
NAT&L &ion: _ 

CObiMlllEE FOR AERCNAUTICS 

.3 
-.2 0 .2 -4 .6 .8 1.0 1.2 

seotion lift ooefflcient, op 

(b) (Ia = &zoo. 

Figure 6.- Variation of aileron effectivenees parameter Aao/A8* with motion 
liit ooeffloisnt for the 1)&a eealsd aileron on the lor-drag alrloll 
seotian. R = l& x 106. 
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- Smooth , 
----- .02 Roughness at 0.300 1 _ --- Roughness at leadbig edge 
I I I I I I 1 

NATIONAL ADVISORY 
COMWITTEE FOR AERONAUTICS 

-8 -4 0 4 8 I.2 

*ao, dw3 

FQure 8.- Variation of the hinge-moment parameter - 
**IQ 

A%/*% 
with equivalent 

change in section angle of attack required to maintain a constant section 
lift coeffiaient of 0.15 for defleotion of the 0.2lp sealed aileron on the 
low-drag airfoil section. R=&U&. 

. 

. 



Rouglmsla at 0.3cli i 
Fmgheaa at leadlag edge 

-9 I I 

II 

-20 -16 4.2 -a -4 0 4 I2 16 20 
Allem dtxleotlon, oa, cleg 

Figure 9.- variation of ma%mm asotlon lift coeffloimt rlth aile~n defleotian for the lardrag airfoil With P 
0.2l+c. sealed ailera. R=4 x106. 

. . . . e ” 


